
PATENT ABSTRACTS OF JAPAN 

(1 1 ) Publication number: ^ -J 06651 8 A 



(43) Date of publication of application: 09.03.99 



(51) Intel G11B 5/39 




(21) Application number: 09226765 

(22) Date of filing: 22.08.97 


(71) Applicant: 

(72) Inventor: 


NEC IBARAKI LTD 
TOMATSU HIROJI 



(54) MAGNETORESISTANCE EFFECT-TYPE 

MAGNETIC HEAD AND ITS MANUFACTURE 



(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a 
magnetoresistance effect-type magnetic head in which a 
noise caused by a thermal aspehty is reduced without 
lowering electric characteristics and to provide its 
manufacturing method. 

SOLUTION: A diamond-like carbon film 4 as a cap film is 
formed on an alumina (AI2O3) part 3 comprising a 
magnetoresistance effect element and an alutic 
(Al203-TiC) part 2 which comprises a recess due to a 
step with reference to the alumina part 3. Then, in a 
state that the alutic part 2 at a magnetoresistance 
effect-type magnetic head 1 is masked, a diamond-like 
carbon film 5 is sputtered additionally to the alumina 
part 3, and the recess is eliminated between the alutic 
part 2 and the alumina part 3. Thereby, a thermal 
asperity can be suppressed without lowering electric 
characteristics, and the generation of a noise is reduced. 
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(54) MAGNETORESISTANCE EFFECT-TYPE MAGNETIC HEAD AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetoresistance effect-type 
magnetic head in which a noise caused by a thermal asperity is reduced 
without lowering electric characteristics and to provide its manufacturing 
method. 

SOLUTION: A diamond-like carbon film 4 as a cap film is formed on an 
alumina (AI203) part 3 comprising a magnetoresistance effect element 
and an alutic (AI203-TiC) part 2 which comprises a recess due to a step 
with reference to the alumina part 3. Then, in a state that the alutic part 2 
at a magnetoresistance effect-type magnetic head 1 is masked, a 
diamond-like carbon film 5 is sputtered additionally to the alumina part 3, 
and the recess is eliminated between the alutic part 2 and the alumina 
part 3. Thereby, a thermal asperity can be suppressed without lowering 
electric characteristics, and the generation of a noise is reduced. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The magnetoresistance-effect type magnetic head characterized by having the carbon film which has a 
diamond structure only on the alumina section containing the aforementioned magnetoresistance-effect element in the 
magnetoresistance-effect type magnetic head which has the alumina (aluminum 203) section containing the 
magnetoresistance-effect element which was formed in the side of airstream appearance one end of the float-type slider 
which consists of an Al Chick (aluminum2 03-TiC) substrate, and has been arranged at the air bearing surface of the 
slider of a parenthesis. 

[Claim 2] The magnetoresistance-effect type magnetic head which has the alumina (aluminum 203) section containing 
the magnetoresistance-effect element which was formed in the side of airstream appearance one end of the float-type 
slider which consists of an Al Chick (aluminum2 03-TiC) substrate characterized by providing the following, and has 
been arranged at the air bearing surface of the slider of a parenthesis. The 1 st carbon film which has the diamond 
structure formed all over the air bearing surface of the aforementioned slider. The 2nd carbon film which has the 
diamond structure formed only on the alumina section containing the aforementioned magnetoresistance-effect 
element. 

[Claim 3] The manufacture method of the magnetoresistance-effect type magnetic head which is the manufacture 
method of the magnetoresistance-effect type magnetic head according to claim 1, and is characterized by including the 
following process. 

(1) The process which carries out sputtering of the carbon film which has a diamond structure to the process (2) 
alumina (aluminum 203) section which masks at the Al Chick (aluminum2 03-TiC) section of the air bearing surface 
of a slider. [Claim 4] The manufacture method of the magnetoresistance-effect type magnetic head which is the 
manufacture method of the magnetoresistance-effect type magnetic head according to claim 2, and is characterized by 
including the following process. 

(1) Al Chick of the air bearing surface of a slider () [ aluminum2 ] In the 03-TiC section, masking The process to give 

(2) In the alumina (aluminum 203) section, a diamond structure The 2nd carbon film which it has The process which 
carries out sputtering of the 1st carbon film which has a diamond structure all over the air bearing surface of a process 
(4) slider which removes masking performed to the Al Chick (aluminum2 03-TiC) section of the air bearing surface of 
the process (3) slider which carries out sputtering. [Claim 5] The manufacture method of the magnetoresistance-effect 
type magnetic head which is the manufacture method of the magnetoresistance-effect type magnetic head according to 
claim 2, and is characterized by including the following process. 

All over the air bearing surface of a slider, (1) A diamond structure The 1st carbon film which it has The process which 
carries out sputtering (2) Al Chick of the air bearing surface of a slider () [ aluminum2 ] In the 03-TiC section, 
masking The process which removes masking performed to the Al Chick (aluminum2 03-TiC) section of the air 
bearing surface of the process (4) slider which carries out sputtering of the 2nd carbon film which has a diamond 
structure to the process (3) alumina (aluminum 203) section to give. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the magnetoresistance-effect type magnetic 
head which does not have a recess especially in the air bearing surface of a slider, and its manufacture method about 
the magnetoresistance-effect type magnetic head carried in a magnetic disk unit, and its manufacture method. 
[0002] 

[Description of the Prior Art] Now, the recording density in a magnetic disk unit is going up at a rate of an annual rate 
of about 50%. It is in the inclination of the formation of flying height nearby minute of the magnetoresistance-effect 
type magnetic head with improvement in improvement in this recording density, i.e., track recording density, and truck 
recording density. 

[0003] On the oflier hand, the conventional magnetoresistance-effect type magnetic head attaches the slider in which 
the magnetoresistance-effect element was formed in the gimbal mechanism prepared in the end of a pressurization 
retaining spring, and although it is constituted so that the magnetic-disk medium top by which the rotation drive was 
carried out may be floated by the predetermined flying height and data may be written Like the latest 
magnetoresistance-effect type magnetic head, if it is made to operate in a minute surfacing height of about about 40- 
50nm (floatage), the opportunity to contact the minute salient to which the air bearing surface (floatage side) of a slider 
exists on a magnetic-disk medium side has increased. 

[0004] Next, the composition of the slider which is the principal part of the conventional magnetoresistance-effect type 
magnetic head is concretely explained with reference to a drawing. Dra wing 3 is the side elevation showing typically 
the state where the conventional magnetoresistance-effect type magnetic head contacted the magnetic-disk medium. 
When drawing 3 is referred to, the magnetoresistance-effect type magnetic head (slider) 1 1 It consists of a slider which 
has the air bearing surface of a float type, this slider For example, on the hard substrate (the Al Chick section 12) 
which consists of aluminum2 03-TiC (henceforth Al Chick) The laminating of the magnetoresistance-effect element 
16 which consists of the lower layer shield layer which consists of aluminum 203 (henceforth an alumina), a gap film 
(shown as the alumina section 1 3 among drawing), and a magnetoresistance-effect film, and the upper shield layer 
(shown as the alumina section 13 among drawing) which consists of an alumina is carried out one by one. And on the 
Al Chick section 12 and the alumina section 13, the carbon film (henceforth a diamond-like carbon film) 14 which has 
a diamond structure as a coating film is formed. 

[0005] Here, on the air bearing surface of the conventional magnetoresistance-effect type magnetic head 11, a level 
difference is between the Al Chick section 12 and the alumina section 13. That is, the alumina section 13 containing 
the magnetoresistance-effect element 1 6 fell low slightly to the field of the Al Chick section 1 2, therefore the recess 
(Recess) by the level difference has arisen on the diamond-like carbon film 14 which is a coating film. 
[0006] Since the degrees of hardness of the quality of the material of the Al Chick section 12 and the alumina section 
13 differ in case polish processing of the air bearing surface of a slider is carried out at the time of manufacture of the 
magnetoresistance-effect type magnetic head, more directions of the alumina section 13 with a small degree of 
hardness than the Al Chick section 12 are ground, and this is because a level difference arises between the polished 
surface of the alumina section 13, and the polished surface of the Al Chick section 12 as the result. 
[0007] For this reason, the helix angle which shows the surfacing posture (angle) over the airstream close direction 
with the magnetic-disk medium of the magnetoresistance-effect type magnetic head (slider) at the time of operation of 
a magnetic disk unit (among drawing) As it depends for Sign theta showing, for example, is shown in drawin g 3 , 
helix-angle theta when large The diamond-like carbon film 14 on the edge of the alumina section 13 which is separated 
fi*om the magnetoresistance-effect element 16 contacts the magnetic-disk medium 17 (Sign B shows among drawing), 
and carries out instant sliding of the magnetic-disk medium 17 top. 
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[0008] Moreover, when small, as helix-angle theta shows drawing 4 on the contrary, the diamond-like carbon 14 on the 
edge of the Al Chick section near the magnetoresistance-effect element 16 contacts a magnetic-disk medium (Sign C 
shows among drawing), and carries out instant sliding of the magnetic-disk medium 1 7 top similarly. 
[0009] If the magnetoresistance-effect type magnetic head 1 1 carries out contact sliding with the magnetic-disk 
medium 17, frictional heat will occur in a contact part and the temperature of the magnetoresistance-effect element 16 
will rise by the generation of heat. And the phenomenon in which a noise occurs from the magnetoresistance-effect 
element 1 6 at this time occurs. Such a phenomenon is called thermal asperity. 

[0010] About the thermal asperity in this magnetoresistance-effect type magnetic head, the various improvement 
examination for reducing this is aimed at as what spoils the reUability of a magnetic disk unit, here, in order to prevent 
thermally conductive degradation accompanying improvement in current density, securing good insulation to JP,8- 
273 126, A as technology of aiming at the heat-resistant improvement in a magnetoresistance-effect element even when 
a gap film becomes thin, a diamond-like carbon film is used for a gap film - technology is indicated Moreover, it 
excels in thermal conductivity and insulation at the insulating layer of the magnetoresistance-effect element 
circumference, and the technology using the good silicon of the thermolysis effect or a diamond-like carbon film is 
indicated by JP,6-22333 1 ,A. 

[001 1] However, in the conventional magnetoresistance-effect type magnetic head mentioned above, when the helix 
angle of the slider at the time of floatage is small, in order that the diamond-like carbon film on the edge of the Al 
Chick section near a magnetoresistance-effect element may carry out contact sliding with a magnetic-disk medium, a 
heat-resistant effect decreases and thermal asperity occurs. 
[0012] 

[Problem(s) to be Solved by the Invention] In order to avoid generating of the thermal asperity of the 
magnetoresistance-effect type magnetic head, you have to raise the thermal resistance to a magnetoresistance-effect 
element. The frictional heat produced when the magnetoresistance-effect type magnetic head carried out contact sliding 
at a magnetic-disk medium as one of the main causes to the temperature rise of a magnetoresistance-effect element 
since the point of contact is close to a magnetoresistance-effect element when the magnetoresistance-effect type 
magnetic head carries out contact sliding at a magnetic-disk medium as mentioned above is transmitted, and it is in the 
temperature of a magnetoresistance-effect element tending to rise. 

[0013] The purpose of this invention reduces thermal asperity, without reducing the electrical property of the 
magnetoresistance-effect type magnetic head, and is to offer the few magnetoresistance-effect type magnetic head and 
its manufacture method of noise generating while it solves the technical problem which such the conventional 
magnetoresistance-effect type magnetic head has and suppresses the temperature rise of a magnetoresistance-effect 
element. 
[0014] 

[Means for Solving the Problem] The magnetoresistance-effect type magnetic head of this invention is characterized by 
having the carbon film which has the diamond structure which it was formed in the side of airstream appearance one 
end of the float-type slider which consists of an Al Chick substrate, and was formed only on the alumina section 
containing the aforementioned magnetoresistance-effect element in the magnetoresistance-effect type magnetic head 
which has the alumina section containing the magnetoresistance-effect element arranged at the air bearing surface of 
the slider of a parenthesis. 

[0015] Moreover, it is formed in the side of airstream appearance one end of the float-type slider which consists of an 
Al Chick substrate, and sets to the magnetoresistance-effect type magnetic head which has the alumina section 
containing the magnetoresistance-effect element arranged at the air bearing surface of the slider of a parenthesis. It is 
characterized by having the 2nd carbon film which has the diamond structure formed only on the alumina section 
containing the 1st carbon film and aforementioned magnetoresistance-effect element which has the diamond structure 
formed all over the air bearing surface of the aforementioned slider. 

[0016] Next, it is the manufacture method of the magnetoresistance-effect type magnetic head mentioned above, and is 
characterized by including the process which masks at the Al Chick section of the air bearing surface of** slider, and 
the process which carries out sputtering of the carbon film which has a diamond structure to ** alumina section. 
[0017] Moreover, the another manufacture method of the magnetoresistance-effect type magnetic head is characterized 
by including the process which masks at the Al Chick section of the air bearing surface of ** slider, the process which 
carries out sputtering of the 2nd carbon film which has a diamond structure to ** alumina section, the process which 
removes masking performed to the Al Chick section of the air bearing surface of ** slider, and the process which 
carries out sputtering of the 1st carbon film which has a diamond structure all over the air bearing surface of ** slider. 
[0018] Furthermore, the another manufacture method of the magnetoresistance-effect type magnetic head is 
characterized by including the process which carries out sputtering of the 1st carbon film which has a diamond 
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structure all over the air bearing surface of ** slider, the process which masks at the Al Chick section of the air bearing 
surface of** slider, the process which carries out sputtering of the 2nd carbon film which has a diamond structure to 
** alumina section, and the process which removes masking performed to the Al Chick section of the air bearing 
surface of** slider. 

[0019] According to this invention, while lengthening the point of contact of the magnetoresistance-efifect type 
magnetic head and a magnetic-disk medium, and distance with a magnetoresistance-effect element, by making the 
thickness of a diamond-like carbon film increase, and canceling the recess by the level difference, the temperature rise 
of a magnetoresistance-effect element is suppressed and thermal asperity is reduced. 
[0020] 

[Embodiments of the Invention] Next, the composition of this invention is explained with reference to a drawing. 
Drawin g 1 is the side elevation showing typically the state where the magnetoresistance-effect type magnetic head 
which shows the gestalt of 1 operation of this invention contacted the magnetic-disk medium, in addition - general - 
the float-type magnetic head - electromagnetism - although what attached the slider in which the sensing element was 
formed in the gimbal mechanism prepared in the end of a pressurization retaining spring is shown, in this example, 
especially the magnetoresistance-effect type magnetic head shall show the thing of the slider in which the 
magnetoresistance-effect element was formed 

[0021] If drawing 1 is referred to, the fundamental composition of the magnetoresistance-effect type magnetic head in 
this example is the same as usual, the magnetoresistance-effect type magnetic head 1 On the hard substrate (the Al 
Chick section 2) which consists of aluminum2 03-TiC (henceforth Al Chick) The laminating of the upper shield layer 
(shown as the alumina section 3 among drawing) which consists of the magnetoresistance-effect element 6 and 
alumina which consist of the lower layer shield layer which consists of aluminum 203 (henceforth an alumina), a gap 
film (shown as the alumina section 3 among drawing), and a magnetoresistance-effect film is carried out one by one. 
Moreover, on the Al Chick section 2 and the alumina section 3, the diamond-like carbon film 4 is formed as a coating 
film, 

[0022] And at this example, sputtering is performed for the diamond-like carbon film 4 to the floatage side side (the 
inside of drawing, the magnetic-disk medium 7, and side that counters) of the alumina section 3 which contains the Al 
Chick section 2 and the magnetoresistance-effect element 6 of the magnetoresistance-effect type magnetic head 1 
further by the thickness of about lOnm. Next, it masks to the diamond-like carbon film 4 on the Al Chick section 2, and 
sputtering is further performed for the diamond-like carbon film 5 to the thickness of about lOnm on the diamond-like 
carbon film 4 on the alumina section 3. That is, the diamond-like carbon film 5 is formed in the part of the recess by 
the level difference between the Al Chick section 2 and the alumina section 3. 

[0023] Thereby, the recess which exists in the magnetoresistance-effect type magnetic head 1 is canceled. 
Consequently, the contact position of the magnetoresistance-effect type magnetic head 1 and the magnetic-disk 
medium 7 It compares with the magnetoresistance-effect element 6 with the edge section of the diamond-like carbon 
film 4 on the Al Chick section 2. As it is limited to the edge section (Sign A shows among drawing) of the diamond- 
like carbon film 5 on the alumina section 3 in the more distant position, for example, is shown in drawing 2 Even when 
the helix angle (Sign theta shows among drawing) of the magnetoresistance-effect type magnetic head 1 (slider) is 
smaller than the state which shows in drawin g 1 , the contact position (Sign A shows similarly) of the 
magnetoresistance-effect type magnetic head 1 and the magnetic-disk medium 7 does not change. 
[0024] Moreover, the temperature rise of the magnetoresistance-effect element 6 at the time of contact sliding can be 
reduced according to the heat-resistant effect which the diamond-like carbon film 5 has. Thereby, generating of 
thermal asperity can be suppressed, without reducing the electrical property of the magnetoresistance-effect type 
magnetic head. 

[0025] Next, the manufacture method of the magnetoresistance-effect type magnetic head mentioned above is 
explained. 

[0026] After the magnetoresistance-effect type magnetic head of this invention forms a magnetoresistance-effect 
element, the protective layer of an alumina, etc. on the Al Chick substrate using well-known technology, the grinding 
process of it is carried out to the configuration of a floated type slider, and it carries out polish processing of the air 
bearing surface of a slider further. And it masks at the Al Chick section of this air bearing surface, and sputtering of the 
carbon film which has a diamond structure in the alumina section is carried out. 

[0027] Moreover, the another manufacture method of the magnetoresistance-effect type magnetic head masks the air 
bearing surface of a slider after polish processing at the Al Chick section of the air bearing surface of a slider, and 
carries out sputtering of the carbon film which has a diamond structure in the alumina section. And removal of 
masking carries out sputtering of the carbon film which has a diamond structure all over the air bearing surface of a 
slider further. 
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[0028] At this time, sputtering of the carbon film which has a diamond structure all over the air bearing surface of a 
slider first may be carried out, and sputtering of the carbon film which has a diamond structure in the alumina section 
behind may be carried out. 
[0029] 

[Effect of the Invention] Since the temperature rise of the magnetoresistance-effect element at the time of contact 
sliding with a magnetic-disk medium can reduce by removing the recess produced between the Al Chick section and 
the alumina section according to the magnetoresistance-effect type magnetic head and its manufacture method of this 
invention as having explained above, generating of thermal asperity can suppress without reducing an electrical 
property, and it is effective in the ability to be able to offer the magnetoresistance-effect type magnetic head with little 
noise generating. 
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* NOTICES * 

Japan Patent Of£ice is not responsible for £my 
daxnages caused by the use o£ this treuislation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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